ABSTRACT This study investigate the effect of bee pollen (BP) and/or propolis (Pro) as an alternative to Mannan oligosaccharides (Bio-MOS, a hydrolyzed yeast with natural and artificial flavors Alltech Inc) when given continuously or intermittently on antioxidant enzymes, immunity, weight and morphology of lymphoid organs of broilers. Thus, 324 unsexed one-day-old Arbor Acres broilers were randomly distributed into nine treatment groups, each replicated 6 times of 6 birds per replicate. The chicks were kept in wire cages and fed the same basal diet and were submitted to the following treatments: control without supplementation (control) or supplemented with BP at 300 mg, Pro at 300 mg, BP+Pro at 300 mg each and Bio-MOS at 0.5 g/kg diet. Each supplemented group was subdivided into two subgroups in which the additives were supplied continuously or intermittently. In the continuously supplemented groups, supplementations were given from one till 36 days of age, and in the intermittently supplemented groups, the administration was only three days before, on the day of and day after vaccination. The BP and Pro supplied continuously or intermittently was equally potent for improving immunity, antioxidant enzymes similar to Bio-MOS. All supplements supplied either continuously or intermittently resulted a significantly higher thymus (P < .04) and bursa weights (P < .001) than the control group. Combining BP with Pro resulted in a further increase in thymus weights and small follicle diameter compared to the control group. In addition, thymus percentage in the group received BP+Pro showed a further increase compared to the control and Pro supplemented intermittently. Bio-MOS, when supplied continuously or intermittently, resulted in the greatest response in splenic lymphoblasts. Supplementation with either BP or Pro intermittently, is adequate to promote health and immune response of broiler chicks, with 40% saving of supplementation costs.
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INTRODUCTION
The use of antibiotics can contribute to the development of bacteria resistant to drugs used to treat infections, which are a potential risk if they are transferred to humans (Castanon, 2007; Cosby, et al., 2015; Johnson, et al., 2016) . For this reason, the use of antibiotics has been banned by the European Union due to pressure from consumer groups and poultry C 2017 Poultry Science Association Inc. Received January 23, 2017. Accepted September 13, 2017. 1 Corresponding author: hkhalifa@kisr.edu.kw buyers (Babaei, et al., 2016) . The use of antibiotics has been minimized and replaced by effective dietary supplements such as probiotics and/or prebiotics that are claimed to enhance growth and positively modulate the immune system. The ban of several antibiotics has caused a resurgence of infectious diseases and economic losses in the poultry industry (Denli, et al., 2005; Meurer, et al., 2009 ). This has prompted scientists and the poultry industry to search for alternatives to antibiotics as growth promoters in poultry production (Diarra, et al., 2007; Attia, et al., 2011a; Attia, et al., 2011b; Attia, et al., 2013) .
Propolis (Pro), a natural antibiotic and bee pollen belong to the group of naturally occurring substances 4182 of animal and plant origin, which are collected by honeybees (Tosi, et al., 2007; Erkmen andÖzcan, 2008; Talas and Gulhan, 2009) . Propolis contains a variety of substances including phenolic compounds such as flavonoids, aromatic acids and their derivatives, esters, alcohols and trace elements (Sforcin, 2007) . It is a complex mixture of resins, waxes, essential oils, pollen and other organic compounds and therefore it is necessary to extract the desired chemical component from its raw material (Eyng, et al., 2015) . Propolis has multiple pharmacological effects and complex chemical compositions (Burdock, 1998) and recently is utilized as an antibacterial agent for mammals and poultry (Oršolić and Bašić, 2005; Dziedzic, et al., 2013) . Propolis was used in oriental folk medicine, for curing infections (Cheng and Wong, 1996) and European ethno-pharmacology as an antiseptic and anti-inflammatory agent for healing wounds and burns (Marcucci, 1995; Burdock, 1998) . The pharmaceutical properties of propolis included antibacterial (Orsi, et al., 2006; Scazzocchio, et al., 2006) , antiviral (Gekker, et al., 2005) , antifungal (Dobrowolski, et al., 1991; Sforcin, 2007) , antiparasitic (Salomão, et al., 2004; Freitas, et al., 2006) , anti-inflammatory (Dobrowolski, et al., 1991) , immunomodulatory (Dimov, et al., 1992) and antioxidant (Krol, et al., 1990) , anti-protozoan (Scheller, et al., 1988) .
The supplementations of ethanol extract of propolis affected antioxidant status e.g., malnodealydehyde (MDA), and the activities of superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), and glutathione peroxidase (GSH-Px) in broilers exposed to heat stress (Seven, et al., 2009 ) and lead-induced oxidative stress (Seven, et al., 2010) . Propolis supplementation of NDV infected chicken groups induced an increase in the antibody titers and phagocytic percentage (Hegazi, et al., 1995) . Propolis is seen to have an immunomodulatory effect, thus influencing activation of macrophages, antibody synthesis and weight of lymphoid organs (Eyng, et al., 2015) . The antioxidative, cytostatic, anti-mutagenic and immunomodulatory properties of propolis are based on its rich, flavonoid, phenolic acid and terpenoid contents (Prytzyk, et al., 2003; Wang, et al., 2004) . Propolis increases the macrophage activity (Dimov, et al., 1992) , interlukin-1 (IL-1) (Brätter, et al., 1999; Oršolić and Bašić, 2005) , interlukin-2 (IL-2) (Ivanovska, et al., 1995) and interlukin-4 (IL-4) (Park, et al., 2004) . The anti-oxidant (Kumazawa, et al., 2004) and anti-inflammatory (Borrelli, et al., 2002) effects of propolis may inhibit prostaglandin synthesis (Namgoong, et al., 1994) as an anti-immune material and improve humoral response. Antibody titer against avian influenza (AIV), Newcastle disease (NDV), and infectious bursal disease (IBDV) viruses increased (P < 0.05) with oil extract of propolis (OEP) at 40, 70, 100, 400, 700 and 1000 mg/kg (Taheri, et al. (2005) ). Also, heterophil to lymphocyte (H/L) ratio was lowered in chickens fed 40, and 70 mg of OEP (Ziaran, et al., 2005) .
Propolis has the ability to act as an immunomodulator by stimulating the body's immune system, improving growth and the health status of chickens and laying hens (Kleczek, et al., 2014) . Ziaran, et al. (2005) found that OEP stimulated the immune system without affecting the performance. In the same study, antibody response to NDV was significantly increased in broilers fed with 70 and 100 mg/kg of OEP in the diet at 30 days of age after immunization. In addition, supplementation with 250 mg/kg diet propolis, vitamin E or vitamin C can decrease oxidative damage resulted from heat stress in broilers (Mahmoud, et al. (2013) .
Bee pollen (BP) is an agglomerate collected by bees mixed with nectar and secretions from the hypofaryngean glands (De Oliveira, et al., 2013) . Bee pollen was found to be a useful growth promoter and recommended as an alternative supplement in animal production (Ç etin, et al., 2010) . The beneficial effects of BP included an androgenic, enhancing immunization function of poultry, promoting animal health and improving gut health and function Attia, et al. (2011a); (2011b) . It has also the ability to improve health and immunity (Hu, et al., 2003) . In addition, BP is also seen to improve other aspects such as normal gastrointestinal functions, protect kidney and decrease triacylglycerides, cholesterol, creatinine and blood urea (FazayeliRad, et al., 2015) . Galal, et al. (2008) and Attia, et al. (2011a) ; (2011b) demonstrated that BP and Pro could be utilized by chickens as a growth promoter and an immune enhancer. BP enhances bone mineralization due to its high Vitamin D content and hence also increases calcium absorption (De Oliveira, et al., 2013) .
Mannanoligosaccharide (Bio-MOS) is a prebiotic which is non-digestible feed ingredients and is beneficial for growth and gut microflora e.g., Bifidobacteria and Lactobacillus sp. (Gibson, et al., 2004; Attia, et al., 2013) . The positive effect of Bio-MOS on the immune response of broiler chickens were also reported by El-Sheikh, et al. (2009) who showed that levels of WBCs, serum total protein, albumin and globulin were higher in hens supplemented with MOS (0.05, 0.1 and 0.2%). In addition, antibody response against infectious bursa disease virus (IBDV) was increased in Bio-MOS supplemented-group compared to control group. Riad, et al. (2010) found increased RBCs, WBCs, lymphocytes, heterophil of yeast with prebiotic, prebiotic, yeast and probiotic treated chicks compared to control, but H/L ratio decreased with a significant difference among supplements. Tohid, et al. (2010) showed that MOS (0.1, 0.2 and 0.3%) in broiler diet was potent in stimulating the humoral immunity against AIV vaccine and increased antibody titers against AI in the 4 th , 5 th and 6 th weeks of age. Akhtar, et al. (2016) found that the use of MOS (SAF-Mannan S. I. LeSaffre, Cedex, France) might constitute a novel and effective plausible alternative that reduces the spread of Avian influenza by decreasing virus shedding and contamination of environment from H9N2 infection in poultry.
This study aim to investigate the efficacy of bee pollen and propolis as a natural growth promoter supplied continuously or intermittently when supplied separately or combined compared to MOS on hematological and biochemical constituents, antioxidant enzymes, immunity and lymphoid organs of broiler chicks.
MATERIAL AND METHODS

Chicks and Experimental Design
The current research meets the guidelines approved by the institutional animal care and use committee (IACUC) at university of Damanhour, Egypt. Three hundred and twenty four unsexed one-day-old Arbor Acres broiler chicks obtained from Cairo Poultry Company were wing banded and randomly distributed to nine treatments keeping body weights equalized across treatment groups. The chickens were fed the same basal diet, and were submitted to the following dietary treatments: control group without supplementation (control); bee pollen group (BP; Mahmoud Gomaa Abd EL Galil CO, Pyramids Cairo, Giza Egypt) supplemented with bee pollen at 300 mg/kg diet, propolis group (Pro; a Chinese product, Hangzhou Kangli Health Products Co., Ltd. No. 2, Six Road, Dongzhou Industry Area, Fuyang Hangzhou Zhejiang China) supplemented with propolis at 300 mg/kg diet, bee pollen plus propolis group (BP+Pro) at 300 mg/kg diet of each and Mannanoligosaccharides group (Bio-MOS, a hydrolyzed yeast with natural and artificial flavors, Alltech Inc., Nicholasville, Kentucky, USA) fed Bio-MOS at 0.5 g/kg diet. Each group was divided into two subgroups in which the additives were supplied continuously or intermittently, thus there were 4 additives and 2 administration ways plus the unsupplemented control (control group). In total, there were nine treatment groups of 6 replicates per treatment resulting in 54 cages of 6 birds per cage. Supplementations were given during the period 1-36 days of age. In the groups supplemented intermittently, the administration was: three days before vaccination, on the day of vaccination and one day after vaccination. The administration regime was for 24 hours each day that was applied. The experimental diet was corn-soybean commercial diet (starter and grower) formulated to meet nearly broiler requirements NRC (1994) and the nutrient profiles and the chemical analysis of the diet and BP and propolis (Horwitz, et al., 1970) are presented in Tables (1 and 2 , respectively).
Housing and Husbandry
Chicks were housed in battery brooders, wire-cages (35 cm × 25 cm × 30 cm), in a semi-opened house. Chicks were fed the experimental diet ad libitum the experimental diets, and supplied with free access to water via automatic nipple drinkers. A light schedule of 23hr light and 1hr dark was supplied until 7 th day having 20hr of light and 4hr of dark from day 8 th to 36 th of age. The average outdoor minimum and maximum temperature and relative humidity during the experimental period was 21.2 and 24.2 • C and 56.7 and 58.7%, respectively. The brooding temperatures (indoor) were 32, 30, 27 and 24-21
• C during 1-7, 8-14, 15-20 and 21-37 days of age, respectively. Chicks were raised using common management practice for broiler chicks. Chicks were vaccinated against NDV with Nobilis ND Clone 30, against influenza virus with Influenza H5N2, against infectious bursa disease virus; Gamboro, and Clone with Gamboro at days 7, 10, 14 and 21 of age, respectively. The vaccines were from Merck & Co., Inc., Intervet, Cairo, Egypt.
Slaughter Test
At 36 th d of age, 8 chicks as four of each sex were taken randomly from each treatment, and slaughtered according to the Islamic method (Attia et al., 2016) . Thymus, spleen and Bursa were separated and individually weighed. The weights of lymphoid organs were expressed as relative to live body weight.
Hematological and Biochemical Characteristics
Blood samples were collected from wing vein using 23 gauge needles in two tubes with or without heparin from eight birds at day 36 of age from each treatment. Plasma and serum were separated by centrifugation at 1500 rpm for 10 minutes and stored at −20 • C until analysis. Biochemical parameters of blood plasma and serum were determined using commercial diagnosing kits (produced by Diamond Diagnostics Company, Egypt). Plasma total protein (g/100 ml) was according to Henry, et al. (1974) , albumin concentration (g/100 ml) was according to Doumas, et al. (1997) . Globulin concentration (g/100 ml) was calculated by the difference between total protein and albumin. Plasma glucose was according to Trinder (1969) . Different types of globulin (α-β-and γ-globulin) were according to Bossuyt, et al. (2003) .
Ten blood samples were collected from each treatment to determine the number of white blood cell (WBC's) and different types of leukocytes. WBCs were counted using magnification count on an Ao bright line hemocytometer using a light microscope at 400x and 100x, respectively. Blood samples were diluted 20 times with a dilution fluid (3 ml acetic acid glacial + 97 ml distilled water + some of Lushman stain) according to Hepler (1966) for WBC's count.
A thin blood film was prepared by using a small drop of blood to determine different leukocytes count. The blood film was completely dried before staining using Giemsa stain. The film was washed in distilled water and dried. Differential leucocyte counts were examined in each blood film by using a light microscope with 1000x magnification power. The number of individual type of WBCs was expressed as a percentage of the total (Lucas and Jamroz, 1961) .
Phagocytic Activity and Phagocytic Index
Phagocytic activity (PA) and phagocytic index (PI) were according to Kawahara, et al. (1991) . Phagocytic activity (PA) = Percentage of phagocytic cells containing yeast cells.
Phagocytic index (PI) = number of yeast cells phagocytized/number of phagocytic cells.
Total antioxidant capacity (TAC), superoxide dismutase (SOD), gluathione (GSH) and glutathione peroxidase activity (GPx) were according to Beutler, et al. (1963) , Koracevic, et al. (2001) .
Haemagglutination inhibition (HI) test for NDV and avian influenza virus (AIV) was done according to Takatsy (1956) . Antibodies to infectious bursal disease virus (IBDV) were measured according to Cosgrove (1962) .
Serum Immunoglobulin
Serum immunoglobulin (IgG, IgM and IgA) was determined using sandwich ELISA kits from modifications of method by Bianchi, et al. (1995) .
Lymphocyte Transformation Test
Lymphocyte transformation test was according to Balhaa, et al. (1985) . Serum bactericidal activity to Aeromonas hydrophila strain was according to Rainger and Rowley (1993) and the results were recorded as survival index (SI) (Wardlaw and Unkles, 1978) values were calculated as follows: SI = CFU at end/CFU at start × 100.
Serum Lysozomal Activity
Serum lysozyme activity was measured with the turbidimetric method described by Engstad, et al. (1992) and the result was expressed as one unit of lysozyme activity defined as a reduction in absorbency of 0.001/min.
Statistical Analyses
Statistical analysis was performed using the GLM procedure of Statistical Analysis Software of SAS Institute (Statistical Analyses System, 2002) using oneway experimental design. In addition, sampling time was included in the model for data of HI. Before analyses, arcsine transformation was done to normalize data distribution. Mean difference at P ≤ 0.05 was tested using Student-Newman-Keuls-test. Survival rate was analyzed as percent using chi-square analyses.
RESULTS
The effect of different supplementations administrated by different ways (continuous and intermittent) on WBCs and differential leukocytes is shown in Table 2. The results showed that all the experimental supplements significantly increased (P ≤ 0.05) WBCs, lymphocyte, heterophil, compared to the control group. Conversely, the H/L ratio was lower in all the experimental supplements than the control group. Group supplemented with Bio-MOS intermittently exhibited lower (P ≤ 0.05) WBCs than the other supplements.
The effect of different supplementations offered continuously or intermittently on blood serum biochemical constituents is shown in Table 3 . Continuous and intermittent supplements had higher (P ≤ 0.05) total serum protein, globulin, α-globulin and γ-globulin than those of the control group. However, groups on intermittent BP had intermediate values, which are similar to the other groups. Table 4 shows the effect of different supplements on antioxidant enzymes (SOD, GSH, GPx, TAC), and immune indices PA, PI, LTT, BA and LA. Either continuous or intermittent supplementation increased serum SOD, TAC, PI, LTT, BA and LA compared to the control group. On the other hand, GSH and PA of the control group and Bio-MOS supplemented continuously were lower (P ≤ 0.05) than those of other supplemented-groups. In addition, serum GPx of the control group, continuous supplied BP+Pro and intermittently supplied Bio-MOS groups was lower (P ≤ 0.05) than that of the other groups.
The effect of different supplements offered continuously or intermittently on antibody titer to NDV, AIV, IBDV, IgY, IgM and IgA is shown in Table 5 . All supplements had higher (P ≤ 0.05) antibodies to NDV, AIV and IBDV than those of the control group. Moreover, Bio-MOS supplied continuously had higher (P ≤ 0.05) IBDV than the other supplements. Different supplements increased (P < 0.05) IgY, IgM and IgA in respect to the control group, whereas IgM of supplements administrated continuously except that of Bio-MOS was higher (P < 0.05) than of those supplied intermittently. In addition, Pro supplemented continuously had higher (P < 0.05) IgY, and IgM than its counterpart supplied intermittently. HI titer to NDV, AIV and IBDV were lower (P < 0.05) at day 6 of age than those at other ages. The HI titer to NDV was higher at days 14 and 27 of age and decreased at days 21 and 35 of age. The HI titer to AIV was maximized at day 14 and decreased from day 27 of age. The HI titer to IBDV was significantly higher at days 17 and 21 d of age than those at days 6, 14 and 35 of age. Table 6 shows the effect of different supplements supplied by various ways on thymus, bursa and spleen characteristics. All supplements supplied continuously or intermittently increased (P ≤ 0.05) thymus percentage than the control group. In addition, the BP+Pro mixture supplied continuously or intermittently and Bio-MOS supplied continuously resulted in a further increase (P ≤ 0.05) in the thymus percentage than that of other supplements except for BP supplied continuously and Bio-MOS supplied intermittently. Bursa of Fabricius was increased (P ≤ 0.05) when supplements were given continuously or intermittently compared to the control group. Small and large follicle diameter of the bursa were increased (P ≤ 0.05) in groups supplemented with BP and/or Pro and Bio-MOS supplied either continuously or intermittently compared to the control group. In addition, Bio-MOS when was given continuously increased small follicle diameter than that of its counterpart group supplemented intermittently. The histological examination results of the thymus and spleen as influenced by different supplements are shown in Table 7 . Cortical atrophy was shown with the intermittent supplemented propolis and Bio-MOS at day 25 of age compared to the other groups. The atrophy was extended to most of the supplemented groups at day 35 of age except those supplemented with bee pollen continuously and bee pollen with propolis intermittently, which exhibited normal cortical to medullary ratio.
There was no splenic necrobiosis in all groups at days 25 and 36 of age. On the other hand, splenic lymphoblastic hyperplasia was shown at day 25 in all groups except that supplemented with bee pollen intermittently. Similar effect of additives was shown at 35 days of age, but the influence was stronger in the groups on the intermittent bee pollen supplementation and Bio-MOS groups than that showed for the same groups at day 25 of age, showing age related effect.
DISCUSSION
It is interesting to report that the way of administration almost showed similar effects on hematological, biochemical, antioxidant status, humoral immunity, immune indices and lymphoid organs weight, which could save ∼40% of the cost of supplementation. The immune status of an animal can be determined by the relative weight of its lymphoid organs as change in weight could cause susceptibility to infections and also reduction in the ability of the animal to maintain productivity during a sanitary challenge (Eyng, et al., 2015) . In the literature, similar studies are absent, and this warranted further research. However, Pro supplied continuously resulted in greater IgM for BP and/or Pro and IgY showing that continuous supplementation was found to strength the effect of only Pro.
The positive effects of bee pollen and/or propolis and Bio-MOS on immune response concurred with increasing the small and large follicle diameter and splenic lymphoblast. The results showed that BP and Pro had a comparable effect compared to Bio-MOS for increasing WBCs, lymphocyte, heterophil, while decreasing H/L ratio and improving serum protein, globulin, α-globulin, γ-globulin, SOD, GSH, GPX, TAC, PA, PI, LTT, BA and HI-titers to NDV, AIV and IBDV and lymphoid organs; thymus and bursa of Fabricius compared to the control group. This indicates the potential of BP or Pro individually as an immune moderator as the synergetic effect was not observed. The present study showed that Pro significantly increased WBCs, lymphocyte, heterophil, total serum protein, globulin, α-and γ-globulin, SOD, GSH, GPX, TAC, PA, PI, LTT, BA, LA, antibody titer to NDV, AIV and IBDV, IgY, IgM and IgA while decreasing H/L ratio. Similarly, Wang, et al. (2004) and Taheri, et al. (2005) indicated that significant effect (P < 0.05) of Pro on serum antibody titer against AIV, NDV, IBDV and suggested that Pro may have a positive effect on humoral immunity of broilers. In literature, Pro has shown a beneficial effect against a variety of microorganisms such as bacteria (Dziedzic, et al., 2013) , viruses (Gekker, et al., 2005) , fungi (Murad, et al., 2002) , molds (Miyataka, et al., 1997). It had also antiparasitic (Salomão, et al., 2004; Freitas, et al., 2006) , anti-inflammatory (Dobrowolski, et al., 1991 ), immunomodulatory (Dimov, et al., 1992 , and antioxidant effects (Krol, et al., 1990 ). This could be attributed to flavonoids, (25.9%) and essential fatty acids found in Pro. The positive effects of flavonoids on the immune system of different species were reported (Hegazi, et al., 1995) . In addition, aromatic oils, protein, amino acid, vitamins and flavonoids, aluminium and calcium were also indicated (Burdock, 1998; Hässig, et al., 1999; Lee, et al., 2001 ). The antioxidative, cytostatic, antimutagenic and immunomodulatory properties of propolis are based on its rich, flavonoid, phenolic acid and terpenoid contents (Prytzyk, et al., 2003; Wang, et al., 2004; Seven, et al., 2010) . In this connection, Hegazi, et al. (1995) found that the mortality rate was reduced and antibody titer and phagocytic percentage were increased in-groups infected with virulent NDV and subsequently supplemented with either Pro or honey as compared to the infected chickens groups without such supplementation. In this study, Pro and BP stimulated the T lymphocyte, increased blood lymphocytes, phagocytosis activity and weight of thymus and bursa of Fabricius, and this was in concert with those previously observed (Kong, et al., 2004) . Propolis activated T lymphocyte proliferation, increased macrophage activation, humoral and cell mediated immunity (Scheller, et al., 1988) (Borrelli, et al., 2002; Park, et al., 2004) .
Similar to the present results, BP was found to enhance immunity, gut health, animal products and promote animal growth (Attia, et al., 2011a; 2011b) . The positive effect of BP on immune indices, antibody response and lymphoid organs found herein could be attributed to the high contents of protein/amino acids, fat/fatty acids of which polyunsaturated fatty acids particularly linolenic acid are dominant and minerals as well (Attia, et al., 2014) . Studies have shown that BP has improved liver function and reduced liver damage. This could be due to some flavonoids such as quercerin which prevents oxidative damage to liver (Farag and El-Rayes, 2016) . In addition, phytosterols such as flavonoids, carotenoids, phenolic constituents, phospholipids, and antioxidants were also reported by others (Leja, et al., 2007; Šarić, et al., 2009; Xu, et al., 2009) . Moreover, BP contents in mice pass directly from the stomach into the blood stream within two hours after ingestion and are found in the blood, in cerebral spinal fluids, and in urine (Markham, et al., 1996) indicating high absorption and availability of nutrients.
Similar to results of the present study, (El-Sheikh, et al., 2009 ) demonstrated that WBCs count, serum total protein, albumin, globulin and antibody response to IBDV were higher for MOS (0.05, 0.1 and 0.2%) supplemented chickens than those for the control group. In recent years, probiotics such as certain oligosaccharides and Bio-MOS have been evaluated (Attia, et al., 2015) . The mode of action of MOS included its ability to adsorb pathogenic bacteria containing type 1 fimbriae with mannose sensitive lectins, improve gastrointestinal health, modulate immune response through stimulating gut and systemic immunity acting as a nonpathogenic microbial antigen (Hooge, 2004) . It was also reported that, nutrient utilization can be enhanced, and starch and sugar utilizing bacteria can be decreased by MOS supplementation (Bovera, et al., 2010) . MOS was also found to improve ileum structure and increase villi height of broilers (Zhang, et al., 2005) , and increase butyrate supply from fermentation that enhanced the development of intestinal epithelium, cell differentiation and immunity, may be due to increasing the intestinal T-cells (Peuranen, et al., 2004) . Butyrate deficiency is associated with intestinal atrophy and functional fails including decreased immune response (Brouns, et al., 2002) . MOS may also act as an alternate attachment site in the gut for Gram-negative bacteria with mannose-specific type-1 fimbriae, which adhere to intestinal epithelial cells to initiate the colonization (OYOFO, et al., 1989) . Thus, pathogenic bacteria presented in the gut attached to MOS and excreted out of the body (Sharon and Lis, 1993) . Riad, et al. (2010) found a significant increase in counts of erythrocytes, leukocytes, lymphocytes, heterophils and heterophils/lymphocytes ratio in natural supplements than the control. Tohid, et al. (2010) showed that MOS increased immunity against AIV in the 4 th , 5 th and 6 th week of age, and was effective for enhancing the humoral immunity for AI vaccine viruses.
In conclusion, BP and Pro supplied continuously or intermittently was equally effective for improving immune response of broiler chickens and was similar to Bio-MOS. There was no synergetic effect between BP and Pro on immune response, meaning that either of them is adequate, but this depends on the relative cost of supplementation. The intermittent way saved 40% of the supplementation cost.
